The project "Implementation of rapid prototyping for modelling the upper respiratory tract in normal and typical pathologies" investigates the urgent problem of improving the reliability of diagnosis and effectiveness of treatment of disorders of the nasal breathing. Possibilities of modern 3D-printing technology for creation of individual natural anatomical models of the upper respiratory tract and determination of their aerodynamic characteristics are considered. The characteristics of the laminar boundary layer of the air flow in the parietal region of the nasal cavity are investigated under different modes of breathing in normal and with typical disorders of the nasal breathing. The concept of investigation of the aerodynamic indices of the anatomical structures of the respiratory system by the results of test tests of individual full-scale 3D models, obtained by the data of spiral computed tomography, is being developed. Theoretical bases of the method of computer planning of restorative rhinosurgical interventions in patients with chronic diseases of the nasal cavity are grounded, based on the change of the configuration of the anatomical structures of the nasal cavity taking into account the aerodynamic parameters of respiration. Modern distance learning and testing tools are being created to demonstrate the technology developed, to provide theoretical knowledge, practical skills and to solve situational tasks for a wide range of specialists. Development and research of natural patterns of the upper respiratory tract allows for supplementing and expanding the knowledge about the aerodynamic characteristics of the nasal cavity, to make decisions about therapy in a short period of time. Experience of the Laboratory of the Institute for Multiphase Processes (IMP) of the Leibniz Universität Hannover (LUH) in the development and use of rapid prototyping capabilities in biotechnology will provide technical support to the project. Słowa kluczowe: rhomanomanometria, oddychanie przez nos, modele w pełnej skali, tomografia, model wirtualny
Introduction
One of the most present actual social problems in all industrially developed countries around the world is the development and introduction of new medical technologies to improve quality of health care, which is confirmed, in particular, by the priority areas of the 7th Framework Program of the European Union and its continuation -the program EU ″Horizon 2020″. The use of modern information technologies in medicine can significantly improve the quality of diagnosis and treatment of various pathologies by providing the clinician with additional, advanced information about the disease process.
Rhinology is one of the least well-conclusive means of functional diagnostics fields of medicine, but in industrialized countries, according to statistical data, only rhinosinusitіs affects approximately 10% of the population. It appears that there is no clear correlation between subjective sensations of the patient and characteristics of nasal airflow, communication of respiratory and olfactory functions, etc. In spite of the possibilities of the modern rhinomanometry equipment and related specialized software that can define and calculate the aerodynamic performance with high accuracy [2, [5] [6] [7] 9] .
The basic laws of the aerodynamics of the upper respiratory tract are studied well enough. However, at this stage, it is advisable to assess not only the macro-indicators of airflow but also to explore the near-wall flows. Their indicators directly affect the mucosa of the nasal cavity with its morpho-functional features and located in the nervous limbs that will allow for a more detailed assessment of the impact of air flow in the pathogenesis of several rhinology diseases. On the basis of these data, by means of computer methods of planning surgical interventions and modelling of the nasal cavity required configuration it is possible to predict functional outcome operation.
Analysis of recent research and publications
In diseases of the upper respiratory tract, there are often violations of the configuration of the airways (nasal passages) and anastomosis of the paranasal sinuses. A fairly large number of publications has been devoted to studying the spatial arrangement of anatomical objects and to studying the aerodynamics of the nasal cavity [8, 10, 14] . However, the problem of visualizing this area in the context of surgical planning procedures is only at the initial stage of development. Traditionally, introscopic diagnosis of diseases of the nasal cavity was performed using X-ray. At the present stage, to determine the configuration of the upper respiratory tract, it is advisable to use the data of X-ray spiral computed tomography (CT), which allows us to identify the bone and airborne structures with a spatial resolution of less than 1 mm [7, 8] . Determining the morphometric parameters of these structures from flat tomographic slices in an interactive (manual) mode is a rather time-consuming procedure, which also provides a small amount of information about their spatial configuration. Therefore, the development of algorithms for automated segmentation and spatial visualization of the airways of the upper respiratory tract are relevant [1, 11] .
The introduction of rapid prototyping technologies into rhinology allows us to base and predict the functional result of the operation, not only according to mathematical modelling of the process of air flow through the nasal cavity during breathing, but also taking into account the analysis of full-scale aerodynamic models of the studied area. The introduction of such simulation technologies takes the planning process of surgical operations to a qualitatively new level and improves the reliability of the results of procedures associated with predicting the functional results of surgical interventions [3, 4, 13, 15 ].
The aim of the study
The proposed work is aimed at the study of parietal air currents in normal and typical pathologies on spatial models of upper respiratory tract, obtained by the 3D prototyping technology according to tomographic studies of specific patients, taking into account individual variability, which will allow to reveal the possible effects of air flow shell of the nasal cavity and increase the reliability of functional diagnostics of disorders of the nasal breathing and increase the effectiveness of conducting com planning of rhinosurgical interventions.
Experimental
The object of research is the development and analysis of the aerodynamic characteristics of the individual natural of 3Dmodels of the upper respiratory tract created by rapid prototyping technology (3D-printing) according to CT.
The problem of research is improving the reliability of diagnosing disorders of nasal breathing by means of the analysis of the aerodynamic characteristics of the near wall air flow based on production and natural studies of the individual 3D-models of the upper respiratory tract ( Fig. 1 ).
Fig. 1. 3D model of upper respiratory tract
The present international study is based on the experience of scientific and practical developments of the project participants.
The task of creating an implant model using rapid prototyping tools according to the spiral computed tomography consists of 6 main stages:  segmentationthe selection on the images of tomographic sections of bone structures,  determination of the location and selection of the bone defect replacement method,  creation of a large implant reconstruction,  preparation of data for prototyping in stl format,  creating a layer-by-layer model of the implant in the G-code format for 3D printing on specific equipment,  3D printing of the full-scale model.
Results and discussion
The main working hypothesis is to study the impact of the near-wall flow (laminar boundary layer) air to the mucosal surface anatomical structures of the upper airway disorders in the diagnosis of nasal breathing [12] .
The scientific basis of the work is the application of boundarylayer theory to identify the negative influence of air flow to the nasal cavity walls at various modes of breathing.
On the basis of the conducted researches it is planned to develop the theoretical bases of computer planning of restorative rhinosurgical interventions in patients with chronic diseases of the nasal cavity, based on the change of the configuration of the anatomical structures of the nasal cavity with taking into account the aerodynamic parameters of breathing during verification of the full-scale models. (Fig. 2 ).
Fig. 2. Personalized Upper Airway Model according to spiral computed tomography: a) virtual model; b) full-scale model
The initial data for the studies are sets of images of axial tomographic sections with a thickness of 1 mm, obtained using a Siemens Somatom + Emotion tomograph according to the scanning protocol parallel to the plane of the skull base with standard patient laying.
The image of the tomographic slice is represented by a discrete function of intensity B(i, j) [0.255] for i, j [0.255], which determines the degree of X-ray absorption in each element of the raster. The total number of N slices was determined based on the spatial characteristics of the upper respiratory tract and amounted to about 60 slices (N | 60).
For spatial visualization of tomographic data, it is necessary to perform a complex of transformations of coordinate systems, performed, for the purpose of universality, in matrix form. So, for n-dimensional coordinate systems with bases Accordingly, the inverse coordinate transformation problem is written as follows: ; ,
or in the matrix form using a uniform representation: Moving the object on , , dx dy dz is respectively performed using the transfer matrix:
Next, the coordinate system of the operating field is transformed into the coordinate system of the display using the projective transformation. As a type of projection, a parallel orthographic projection is selected, the transformation matrix for which it is specified in the form: 
the bounding coordinates of the three-dimensional region of visibility along the x, y, z axes, respectively. These actions are performed using the OpenGl glortho library procedure. The procedure is called with the parameters glortho (-2.5, 2.5, -2.5, 2.5, -12, 12), clamping the output region with a width and height of 5 relative units, and the distance between the front and rear clipping planes is 24 relative units.
Further, the picture plane is displayed on the graphic output window using the procedure. glViewport (), the first two parameters of which specify the initial coordinates of the output area, and the last twothe width and height of the output area. The output is carried out on the standard component VCL ТPanel (graphic panel) with the properties panel1.width, panel1.Height. Accordingly, the glViewport () procedure call is performed as follows: glViewport (0, 0, panel1.width, panel1.Height).
For the implementation of a comprehensive multi-angle visualization, it is necessary to provide for the implementation of geometric transformations.
Then, geometric transformations are performed, associated with additional movements, rotations, and scaling.
The scaling operation is performed using the glscalef (kx, ky, kz) command, the parameters of which determine the scale factors along the corresponding coordinate axes. The corresponding transformation matrix is given below:
Turns are carried out using the trigonometric functions in the coefficients of the transformation matrix. The universal OpenGl library procedure for executing rotations is glRotatef (, x, y, z), the first parameter of which indicates the magnitude of the rotation angle, the other three specify the axis relative to which the rotation is performed. Consider the rotation matrix relative to the main coordinate axes.
Rotation around the axis x by an angle  (see Fig. 3 ). Development and research of natural patterns of the upper respiratory tract allows for supplementing and expanding the knowledge about the aerodynamic characteristics of the nasal cavity and to make decisions about therapy in a short period of time. Experience of the Laboratory of the Institute for Multiphase Processes (IMP) of the Leibniz Universität Hannover (LUH) in the development and use of rapid prototyping capabilities in biotechnology will provide technical support to the project. In addition, the project participants have already gained considerable experience in the development of methods and models in the subject area. Considering the modern high technology and technogenic approach to the diagnosis and treatment of diseases, it is advisable to introduce the ability to showcase a wider audience of the proposed methods professionals wishing to develop new scientific approaches both in theoretical and practical terms.
Conclusions
Project implementation is based on the results of scientific and practical research of the participants, which were obtained as a consequence of the executed joint international programs: DAAD project ″Eastern Partnership″ and Erasmus+ Program Key Action 1 -Mobility for learners and staff -Higher Education Student and Staff Mobility during the years 2016-2018.
Perspective of work. Considering the modern high technology and technogenic approach to the diagnosis and treatment of diseases, it is advisable to introduce the ability to showcase a wider audience of the proposed methods professionals wishing to develop new scientific approaches both in theoretical and practical terms. To do this, it is possible to use the opportunities of Massive open online course (MOOC) service for remote e-learning theoretical knowledge, mathematical demonstration and natural (obtained using rapid prototyping technology) models as well as the acquisition of practical skills through the analysis of clinical cases and test solutions of situational problems. We plan to produce a pneumatic test stand to define the aerodynamic characteristics of the upper airway and corresponding theoretical and experimental parameters according to the data from the pressure transducer and the air flow situated in the received control natural positions models.
